Campylobacter spp. are the leading cause of gastroenteritis worldwide. Most human infections result from contaminated food; however, infections are also caused by recreational waterway contamination. Campylobacter culture is technically challenging and enumeration by culture-based methods is onerous. Thus, we employed qPCR to quantify Campylobacter spp. in fresh-and marinewater samples, raw sewage and animal feces. Multiplex PCR determined whether Campylobacter jejuni or C. coli, most commonly associated with human disease, were present in qPCR-positive samples. Campylobacters were detected in raw sewage, and in feces of all avian and mammalian species tested. Campylobacter-positive concentrations ranged from 68 to 2.3 × 10 6 cells per 500 mL.
INTRODUCTION
To prevent waterborne illnesses in the USA, the Environmental Protection Agency (EPA) developed water quality methodology employing culture-based assays to determine levels of enterococci and fecal coliforms as surrogate indicators of waterborne pathogens (US Environmental Protection Agency , ). As these methods are slow, labor intensive and not specific for human pathogens, realtime quantitative polymerase chain reaction (qPCR) detection of host-specific viruses and bacteria using molecular markers has been proposed as an alternative method to determine the risk to human health of exposure to potable and recreational waters (Guy et Prevention of campylobacteriosis is problematic because it is sporadic and difficult to predict. C. jejuni has a low infectious dose of approximately 500 cells (Robinson ) , and the average incubation period for this disease is 3 to 5 days, which is longer than that of other bacterial gastrointestinal infections (Porter & Campylobacter spp. were frequently present in surface waters that received effluent from a wastewater treatment plant (WWTP), especially those that process both human and poultry waste and in areas receiving agricultural runoff (Vereen et al. ) . While wastewater outflow drives a significant portion of Campylobacter contamination in the mixed-use watershed, the presence of these bacteria in larger watersheds and upstream watersheds is more likely related to rainfall and runoff (Vereen et al. ) .
Campylobacter spp. are present in many types of farm animal feces such as cattle, pigs and sheep (Sáenz et were concentrated by membrane filtration using 0.45 μm pore size, 47 mm diameter nitrocellulose filters (Fisher Scientific, Pittsburg, PA). If a sample was too turbid to filter 500 mL, filtering time was limited to 15 min. Samples processed for human polyomavirus were subject to an extra step before filtration. These samples were acid adjusted to pH 3.5 using 20% hydrochloric acid prior to filtration.
Using sterile, DNA-free forceps, the filters were folded and placed into a PowerBead tube from the PowerSoil™ DNA kit (MO BIO Laboratories, Inc., Carlsbad, CA) and either used directly for DNA extraction or frozen at À20 W C to be processed later. Negative controls (500 mL sterile water)
were processed in parallel with the collected samples starting with filtration.
Raw sewage samples were obtained from wastewater treatment plants (WWTPs) and lift stations as described in WWTPs rather than effluent was tested for the presence of
Campylobacter spp. and molecular MST indicators to ensure that we could detect these organisms in human fecal material.
To compare conventional methods with the methods described above, enterococcus counts were also performed on the collected environmental water samples and raw sewage samples. From the 1 L of collected water, both 10-mL and 50-mL aliquots were filtered in duplicate through another set of 0.45 μm pore size, 47 mm diameter nitrocellulose filters. From the 1 L of WWTP sewage and the 250 mL of lift station sewage, a 10 À3 and a 10 À4 dilution of sewage was prepared in phosphate buffered saline (PBS) and a 10 mL and a 50 mL aliquot of these dilutions were filtered in duplicate through another set of 0.45 μm pore size, 47 mm diameter nitrocellulose filters.
These filters were immediately transferred to BBL™ mEI Agar plates (BD, Franklin Lakes, NJ) and allowed to incubate overnight at 41 W C. The resulting blue colonies were counted after 24 ± 2 h according to EPA Method 1,600.
Results were reported as colony forming units (CFU)/dL.
Collection and processing of animal fecal samples
Several grams of fresh fecal material from individual animals (Table 3) were collected using sterile swabs, at separate times and locations from the collection of the water and raw sewage samples, and placed into sterile microcentrifuge tubes. Samples were transported on ice to the laboratory for immediate processing or for storage at À80 W C until used in the Campylobacter qPCR.
Approximately 0.25-0.3 g of fecal material of the original sample was placed into a MoBio Powersoil™ bead microcentrifuge tube for DNA extraction. In order to ensure that the extraction kits were free of contaminated reagents, reagent blanks that included all extraction kit reagents but no fecal material were included in each batch preparation. Enterococcus counts were not performed on collected animal fecal samples.
PCR detection of the molecular MST indicators
Water, sewage and animal fecal samples were tested for the presence of the following agents: human polyomavirus were used in the preparation of standard curves.
Samples that amplified before a C T value of 40 and before both the negative and no template controls started showing non-specific amplification were considered positive, corresponding to approximately 50 cells -5 × 10 8 cells/500 mL.
Laboratory culture of Campylobacter spp.
C. jejuni and C. coli were grown at 37 W C in a microaerobic environment on tryptic soy agar (TSA) supplemented with 5% defibrinated sheep's blood (TSAB) for 72 h.
A microaerobic environment was created by placing a MicroAero pack (Mitsubishi Gas Chemical America, Inc., New York, USA) directly into a 2.5 L sealable jar. Upon exposure to air, the pack rapidly removes oxygen to produce a final atmosphere of approximately 6-12% O 2 and 5-8% CO 2 . Cells were harvested by scraping into PBS and cells were diluted from 10 À1 to 10 À6 ; 100 μL of each dilution was plated on TSA and allowed to grow for 72 h in microaerobiosis. After 72 h, colonies were counted and used to calculate the number of cells present in each dilution. Immediately after dilution, 1 mL of each dilution was spiked into 500 mL of three different water matrices:
phosphate-buffered water, and recently collected marine water and fresh water. These dilutions were filtered and the filters processed as described above. 
Detection of Campylobacter by multiplex PCR

CONCLUSIONS
This study suggests that contamination of subtropical recreational waterways with Campylobacter spp., including those that cause human disease, may be a source of sporadic acute gastrointestinal disease, and that both the standard EPA method and the newly proposed culture-independent methods may not be useful indicators for the presence of Campylobacter in recreational water. Thus, assays for the specific detection of these pathogens may be necessary when testing recreational waters, especially those contaminated with sewage and animal feces. Further research is needed to determine the significance of environmental campylobacters, including C. jejuni and C. coli, in public health.
For instance, studies could elucidate the infectivity of these environmental strains and any seasonal risks they may pose.
